The rheological characterization of food is important for efficient product and process design. Although its importance in semi-arid regions, there are only a few studies regarding the rheological properties of cactus pear products in the literature. The present work has used the Mitschka-BriggsSteffe method for evaluation of the rheological behavior of cactus pear concentrated pulps. The pulps have shown pseudoplastic behavior. The flow behavior index (n) shows a constant value in the evaluated conditions, and its average value was considered in the evaluated temperature and concentration range. The consistency index (k) has shown dependency of concentration and temperature, being well modeled by a modified Arrhenius equation. Thus, the rheological parameters of cactus pear concentrated pulps can be obtained using a single equation, related with temperature, concentration and shear rate. The obtained data are potentially useful for future studies on product development, food properties and process design.
Introduction
The rheological characterization of food is important for unit operations design, process optimization and high quality products assurance (Ibarz and BarbosaCánovas, 2003; Rao, 1999) . Mitschka (1982) has developed a simple technique to determine rheological parameters of power law fluids (i.e., Ostwald-de-Waele model, Equation 1) using a Brookfield viscometer, considered a low cost instrument, common in a large segment of the food industry (Briggs and Steffe, 1997) . Briggs and Steffe (1997) have improved the method by modeling the Mitschka data and expand the covered Brookfield models. In the resulted Mitschka-Briggs-Steffe method, the flow behavior index (n) and the consistency index (k) of power law fluids are obtained using the following procedure:
1. Shear stress (σ) is obtained using the spring torque (obtained by reading the instrument dial) and factors related with Brookfield model and spindle;
2. The logarithm of shear stress is plotted versus the logarithm of rotational speed (ω); the flow behavior index (n) is obtained as the slope of the graphic;
3. Average shear rate (γ) is then obtained by Equation 2, empirically determined by authors:
4. The fluid rheological parameters (n and k) can then be obtained by regression using the linearized flow curves (lnσ versus lnγ), as described by Rao (1999) .
The cactus pear (Opuntia fícus indica) is an important fruit crop in many semi-arid lands of the world (Grangeiro et al., 2007; Saenz, 2000) . The fruit is commonly consumed fresh, or through the production of juices, marmalades, gels, liquid sweeteners, dehydrated foods and other products (Saenz, 2000) . However, there are only a few studies regarding the rheological properties of cactus pears products in the literature (Cerezal et al., 2007) .
The objective of this work was to use the Mitschka-Briggs-Steffe method for evaluation of the rheological behavior of cactus pear concentrated pulps.
Materials and Methods
The present work was carried out using the previously published data provided by Grangeiro et al. (2007) . In that work, authors have used cactus pear pulp obtained in the northeast Brazilian semi-arid region. Fruits were harvest at the commercial maturity, hygienized, manual peeled and depulped using a 2.5 mm pore sieve. The obtained pulp was then concentrated at 60ºC under vacuum until the concentrations of 16, 19, 22, 25 and 28 °Brix.
The apparent viscosities (η a ) were obtained using a Brookfield RVT viscometer (Brookfield Engineering Laboratories, USA), in the rotational speeds (ω) of 0.5, 1.0, 2.5, 5.0, 10, 20, 50 and 100 rpm and temperatures of 10, 20, 30, 40, 50 and 60°C. Each experiment was carried out in six replicates; the average values were then used in the present work.
The flow behavior index (n) and the consistency index (k) of the products were obtained using the Mitschka-Briggs-Steffe method, and modeled as function of product concentration (C, in ºBrix) and temperature (T, in K). Power law parameters were modeled using the well known modified Arrhenius equation (Equation 3, where R is the constant of the ideal gases; Rao, 1999; Steffe, 1996) , where each parameter P (i.e., k and n) is modeled by a pre-exponential factor (A P ), the activation energy (Ea P ) and a factor related with concentration (B P ).
The parameters of each model were obtained by regression using the software Statistica 5.5 (StatiSoft, Inc., Tulsa, Okla., U.S.A.) with a significant probability level of 95%.
The accuracy of the model was evaluated by plotting the values of shear stress obtained by models (σ model ) as function of the experimental values (σ experimental ). The regression of those data to a linear function (Equation 4) results in three parameters that can be used to evaluated the description of the experimental values by the models, i.e., the linear function slope (α that must be as close as possible to the unit), the intercept (β that must be as close as possible to zero), and the coefficient of determination (R² that must be as close as possible to the unit). 
Results and Discussion
As expected, the cactus pear pulps have shown pseudoplastic behavior, with rheological properties well described by the power law model (Equation1). Figure  1 shows the cactus pear pulp flow behavior index (n) and consistency index (k) as function of concentration (C) and temperature (T).
The general approach used in literature consists of modeling the viscosity or apparent viscosity as a function of temperature and soluble solids or pulp contents (Yilmaz et al., 2011; Ibarz et al., 2009; Shamsudin et al., 2009; Altan et al., 2005; Ibarz et al., 1996; Giner et al., 1996; Ibarz et al., 1992; Rao, 1984a, Vitali and Rao, 1984b) . A few publications have evaluated rheological properties by modeling each of the power law model parameters (k, n) separately, although this approach is more important in the evaluation of non-Newtonian fluids. In the present work, the power law parameters were modeled using the modified Arrhenius equation (Equation 3).
Observing Figure 1 it is clear that the consistency index (k) shows a rising tendency in relation with concentration, and a falling behavior in relation with temperature. Moreover, it is expected that those relationships can be modeled using the exponential function. Applying the experimental data to the modified Arrhenius equation ( Vitali and Rao (1984b) On the other hand, the flow behavior index (n) shows a constant value in regarding to concentration and temperature (Figure 1 ). In fact, the flow behavior index (n) is assumed to be relatively constant with temperature and concentration (Rao 1999) . It enables the utilization of a constant value equal to the average value in the evaluated temperature and concentration range ( n = 0.329).
The rheological behavior of the cactus pear pulp can be described by the power law model (Equation 1), with the consistency index (k) as function of temperature and concentration (Equation 6). Thus, the rheological parameters of cactus pear concentrated pulps can be obtained using a single equation, related with temperature, concentration and shear rate. 
Conclusions
The present work has evaluated the rheological behavior of cactus pear concentrated pulps in the range of 10-60ºC and 16-28ºBrix using the MitschkaBriggs-Steffe method. The pulp has shown a pseudoplastic behavior, whose flow properties could be well described by the following modified Arrhenius equation (where T is the temperature in K, R is the constant of the ideal gases, and C is the concentration in ºBrix): The obtained data are potentially useful for future studies on product development, food properties and process design.
